, the authors observed marked enrichment of soluble amino acids in the bone marrow compared with peripheral blood, and found that non-haematopoietic cells in the bone marrow release many amino acids.
On the basis of this finding, the researchers asked which, if any, of the 20 amino acids might be required for HSC function. They withheld individual amino acids from HSCs in vitro one by one, and found that valine and cysteine were required for HSC growth.
Valine, but not cysteine, is an 'essential' amino acid -there are no metabolic pathways that synthesize valine in humans or mice. Taya et al. therefore investigated the effects of dietary valine restriction on blood formation in vivo. They fed healthy mice a valine-free diet for four weeks, and found that the numbers of white blood cells, red blood cells and HSCs decreased during this period. Next, the authors gauged the fitness of HSCs from valine-deprived mice by measuring the cells' ability to compete with normal HSCs when engrafted into recipients that had been conditioned with radiation. The authors found that HSCs purified from valine-deprived mice performed poorly in this assay.
Because valine-deprived HSCs seem to function poorly, the researchers asked whether valine deprivation could impair native HSCs to an extent that would allow engraftment of donor HSCs -in essence, they tested the ability of valine deprivation alone to condition a recipient for a transplant. The researchers fed mice a valine-depleted diet for two weeks, then infused the animals with healthy donor HSCs before gradually returning recipients to a complete diet. Twelve weeks after the transplant, about 10-15% of mature blood cells in recipient mice were derived from donor HSCs, whereas there was no detectable donor HSC engraftment in recipients fed a complete diet. Importantly, mice transplanted following valine deprivation avoided the poor growth, reduced lifespan and infertility that followed conditioning by irradiation (Fig. 1) .
Finally, Taya et al. performed analogous experiments using human cells. They found that human HSCs require not only valine but also another essential amino acid, leucine, for growth in culture and for maintenance when engrafted into mice that have a compromised immune system.
Overall, this study shows that simple depletion of a key dietary factor can profoundly impair HSC function and permit engraftment of healthy donor HSCs. These findings provide an alternative strategy for conditioning that could prove useful in studies of HSC biology, because standard approaches for bone-marrow transplantation in model organisms use irradiation, which disrupts the HSC niche 4 . Furthermore, the data beg the tantalizing question of how amino-acid depletion might be leveraged to lower the toxicity of human bone-marrow transplants.
But we should note that, relative to techniques that use irradiation, valine depletion in transplant recipients has so far achieved only a low level of repopulation by donor HSCs. This would be adequate for treating some blood disorders, such as β-thalassaemia, but not all. Furthermore, the utility of valine or leucine depletion in bone-marrow transplants for leukaemia remains in question, because leukaemia stem cells have different metabolic requirements from normal HSCs (ref. 5) , and may not depend on these amino acids. It is also unclear how the third objective of conditioning -blunting the recipient's immune system -could be achieved with this method alone.
Mice deprived of valine for four weeks develop signs of protein malnutrition and, on reintroduction of valine, sometimes succumb to a toxic metabolic reaction called refeeding syndrome. Perhaps an ideal approach to conditioning would combine a shorter period of valine deprivation with other emerging methods for non-toxic conditioning. These include the use of anti-HSC antibodies 6 and antibody-drug conjugates 7 to clear native HSCs, and modulation of the immune system by varying signalling through cytokine molecules to permit donor engraftment 8 . Minimizing the toxicity of conditioning regimens could render bone-marrow transplantation accessible to people with leukaemia, who often are too ill to receive conditioning by chemoradiation. Moreover, it could open up the possibility of using transplants to treat milder blood disorders, in which current chemoradiation produces more complications than the underlying disease. Only time will tell whether these non-toxic approaches live up to the promise they show in mice, by proving safe and effective in humans. ■ 
R. Grant Rowe

CLIMATE SCIENCE
The resilience of Amazonian forests
Isotope evidence suggests that, during dry periods associated with the most recent ice age, the Amazonian forest survived in a region that is sensitive to rainfall changes -settling a debate about Amazonian aridity. See Letter p.204
M A R K B . B U S H
A long-standing controversy exists over whether the most recent ice age was dry enough to cause savannahs to replace forests across much of Amazonia 1, 2 . We know that Amazonia cooled by as much as 5 o C during ice ages 3 , but, crucially, we do not know by how much precipitation changed at the peak of the most recent ice age -the period known as the Last Glacial Maximum, about 24,000 to 18,000 years ago. On page 204, Wang et al. 4 provide empirical data for the amount of precipitation over the past 45,000 years in a region of Amazonia that is especially sensitive to conversion to savannah. They also report evidence indicating that the forest in this region did not become savannah, even during the driest period of the most recent ice age.
Ice-age aridity in Amazonia was proposed to account for the origins of Amazonian biodiversity 1 . It was suggested that Amazonian rainforests were replaced by savannah during ice ages, and that forest fragments (refugia) remained only in the wettest locations. In these refugia, genetically isolated populations of plants and animals could have speciated. When wetter conditions returned, the range of Amazonian forests and of the newly formed species would have expanded to exclude savannah, thus forming the modern pattern of enriched biodiversity. Wang et al. set out to provide a climatic history testing the hypothesis of ice-age savannah expansion.
The authors' work focuses on samples collected from Paraíso Cave, which lies in one of the driest regions of Amazonia: the dry corridor (Fig. 1) . They recovered seven stalagmites from the cave that, taken together, grew for a period spanning the past 45,000 years. Apart from a few brief gaps, the stalagmites provide a detailed history of conditions during the most recent ice age and the Last Glacial Maximum, and of the relative warmth of the Holocene epoch (which began some 11,700 years ago).
The C values (which quantify the abundances of carbon isotopes) in the stalagmites provide a record of the dominance of forest versus grassland in the region, because they reflect contributions from the different carbon-isotope signatures of trees and grasses.
The composite stalagmite record shows a strong concordance between Amazonian rainfall and sea surface temperatures in the Atlantic Ocean -findings that are in line with geological records taken from caves at the foot of the Andes 5 . Most interestingly, Wang et al. find that, during the Last Glacial Maximum, the Amazonian landscape remained as forest even when precipitation above the Paraíso Cave fell to a level about 42% lower than modern rainfall at the site. The Amazonian forests were saved by cooling: the lower temperatures reduced evaporation rates from the forests and offset the loss of rainfall, so that the net effect was an approximately 20% decline in moisture availability.
Wang and colleagues' empirical data are consistent with evidence from Amazonian lake sediments, which indicate that the driest time in the most recent ice age was between 26,000 and 15,000 years ago 6 . However, lake records often contain a gap in sedimentation during this period, so knowledge about the climate conditions at that time is lacking. Wang et al. fill that gap with empirical data and highlight that the dry corridor -the landscape most vulnerable to change 7 -remained forested during the period. Their data end the long debate over Amazon refugia.
Precipitation and temperature can interact to enhance or lower the probability of savannah expansion, but other factors, such as forest fires, can also have important roles. Amazonian forests are not fire-tolerant, because even a single fire causes tremendous tree mortality. This mortality generates dead wood, which increases the potential fuel load for subsequent fires and reduces shade, quickly causing the forest floor to dry and thus raising the probability of subsequent fires 8 . Multiple fires can rapidly transform a rainforest system into a savannah-like state.
Fire can transform a relatively wet forest into savannah, but in the absence of fire a lot of drying is needed for such a conversion to occur. Wang and colleagues' findings imply that fires must have been extremely rare for forest to have survived the net 20% drying that occurred over the course of the most recent ice age. This implication is supported by an analysis of sediments recovered from the Amazon delta 9 . The discovery that fire rarity contributed greatly to the maintenance of forest at that time has profound implications for future conservation of the region.
The Paraíso data also show that, during the most recent ice age, Amazonian plant and animal assemblages experienced a period of flux consisting of wet and dry cycles that each lasted up to a few thousand years. These cycles may have had particularly major consequences in the dry corridor that bisects Amazonia. This corridor was an important route that allowed species living in dry forest regions north and south of the Amazon basin to encounter each other. Phylogenetic studies of Amazonian plant and animal species indicate that there must have been connectivity across the Amazon basin within the past few million years, but the nature of that connection is debated 10 . Wang and colleagues' findings indicate that the millennial-scale wet-dry climatic oscillations would have caused the connection across this corridor to vary through time, and that the dry corridor could have supported dry-forest habitats, but probably not savannah.
A major distinction between ice-age and future conditions is that modern climate change takes place against a backdrop of elevated, rather than depressed, temperatures. Wang et al. suggest that future Amazonian climates responding to warmer sea surface temperatures will be wetter than modern climates. However, there is currently no accord regarding future Amazonian precipitation patterns in climate models. What is evident is that destabilized climates are increasing the frequency and severity of extreme drought and flood events. These extremes, rather than mean climate, may decide the future of the region.
Even so, Wang and colleagues' data offer hope that Amazonian forests will be resilient in a fire-free world, even if communities of rainforest species are not. Fire in modern Amazonia is almost exclusively a product of human activity, and shows marked increases in occurrence in dry years 11 . Our best path for buying time in the face of climate change is to promote land use that excludes fire -otherwise, destabilized climates will lead rapidly to habitat degradation. ■ Figure 1 | The dry corridor. The coloured region of the map shows the current average annual precipitation in Greater Amazonia (shown in millimetres per year; data from www.worldclim.org). An area that usually receives less than 2,000 mm yr -1 is known as the dry corridor, and its ecology is especially sensitive to changes in precipitation. Wang et al. 4 report isotope data from stalagmites collected in Paraíso Cave. The data provide empirical evidence for the amount of precipitation that fell in the dry corridor during the past 45,000 years, and indicate that the forest in this region did not become savannah during prolonged dry periods.
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